Health effects of low level radiation: carcinogenesis, teratogenesis, and mutagenesis.
The carcinogenic effects of radiation have been demonstrated at high dose levels. At low dose levels, such as those encountered in medical diagnosis, the magnitude of the effect is more difficult to quantify. Three reasons for this difficulty are (1) the effects in human populations are small compared with the natural incidence of cancer in the populations; (2) it is difficult to transfer results obtained in animal studies to the human experience; and (3) the effects of latency period and plateau increase the complexity of population studies. In spite of these difficulties, epidemiologic studies of human populations exposed to low levels of radiation still play a valuable role in the determination of radiation carcinogenecity. They serve to provide upper estimates of risk and to rule out the appearance of new effects that may be masked by the effects of high doses. While there is evidence for mutagenic effects of radiation in experimental animals, no conclusive human data exist at the present. It is not possible to rule out the presence of genetic effects of radiation in humans, however, because many problems exist with regard to the epidemiologic detection of small effects when the natural incidence is relatively large. In animals, subtle effects (eg, a decrease in the probability of survival from egg to adult) may occur with greater frequency than more dramatic disorders in irradiated populations. However, these types of genetic abnormalities are difficult to quantitate. Current risk estimates are based primarily upon data pertaining to dominant mutations in rodents. Some specific locus studies also permit identification of recessive mutation rates. The embryo and fetus are considered to be at greater risk for adverse effects of radiation than is the adult. This sensitivity was predicted in 1906 by the law of Bergonie and Tribondeau and has been demonstrated in human and animal populations. At high dose levels (above 15 rem), the effects of radiation depend upon the gestational stage at which irradiation occurs. Prior to the second week, the predominant effect is preimplantation death, while during the period of major organogenesis (second to sixth week), growth retardation and CNS abnormalities may be produced. These effects have not been demonstrated with a high degree of statistical significance at low dose levels (below 15 rem) and are not considered to present a serious hazard for patients undergoing radiologic exams.